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1 Introduction  
In Australia’s subtropical and tropical regions 
(see Fig. 1), the rapid rise in the use of air 
conditioning in residential buildings is having 
serious impacts on the electricity transmission 
and distribution system and on the country’s 
greenhouse gas emissions.  In Queensland 
alone the penetration of air conditioners 
doubled between 2000 and 2006, and is 
expected to increase to almost 60% penetration 
by 20141.   
 
It is believed that current (2008) ownership of 
air conditioners is in the vicinity of 0.7 of a 
system per household.  Queensland has 
approximately 1.4 million residential 
dwellings, many of which were constructed 
prior to the current requirements to meet a 3.5 
star thermal efficiency rating and are therefore 
not optimized to reduce the need for additional 
heating and coooling.  Queensland is also the 
fastest growing state in Australia in terms of 
residential construction. 
 
 
 
Figure 1.  Australia, and Queensland (unshaded) showing the various climate zones (from Ref 2.). 
Queensland 
Use of insulated glazing is common in colder 
climates but not much attention has been paid 
in hotter climates to the potential of high 
performance glazing to improve comfort and 
reduce the need for mechanical cooling.  This 
project involves a quantitative analysis of 16 
glazing options for four dwelling types in five 
climatic regions for Queensland, Australia.  
This paper reports on findings from the 
analysis of 16 glazing types for a 
representative brick house constructed in 
Queensland. 
 
2 Methodology  
The thermal simulation model utilized for this 
study was BERS, the most frequently utilized 
program in Queensland for rating the thermal 
performance of houses.  The house plan 
selected for this simulation was representative 
of a typical brick home constructed in 
Queensland in the last 5 years.  House features 
included: 
• Brick veneer on cement slab 
• Corrugated iron roof 
• Sliding windows, 4mm float glass (the 
common default glazing and window 
types in Queensland homes) 
• Passive solar design (long east/west 
axis; living areas located on north) 
• Gross floor area 195m2; heated/cooled 
area 145m2 (Average size of new 
construction in QLD is 220m2) 
 
Five population centres in various climatic 
regions (subtropical, tropical and hot arid) in  
These areas, described by a climate zone 
Queensland were selected based on current 
population density and high growth areas.  
number used in the Australian National House 
Energy Rating Scheme (NatHERS)2 were 
• Zone 10: Brisbane Coastal 
(subtropical, south, coastal; Lat. -27.5) 
• Zone 9: Brisbane surrounds 
(subtropical, south, inland; Lat. -27.5) 
• Zone 36: Maryborough / Gladstone 
(subtropical, central coast;              
Lat.-25.6; -24.2) 
• Zone 5: Townsville (tropical, north 
coastal; Lat. -19.2) 
• Zone 19: Emerald (hot arid, inland; 
Lat. -23.7)  
 
The house design (from an existing house 
constructed in Brisbane to meet the current 3.5 
star requirement – 83MJ/m2/yr) was amended 
to create a ‘base case’ that achieved a 5 star 
rating for Brisbane - 55MJ/m2/yr. This 
performance level is soon to be legislated in 
Queensland.  
 
In conjunction with the Australian Glass and 
Glazing Association, a range of monolithic and 
double glazing options were selected based on 
high light transmissivity, low U-values and 
low solar heat gain coefficient.  Only glazing 
options with a light transmittance no less than 
50% were selected, to ensure that good natural 
lighting levels were maintained inside the 
dwelling.  Table 1 shows the glazing options 
selected for the simulations.  For each glass 
type, both aluminium and timber frames were 
simulated.  
 
Glazing Type Light Transmittance U Value SHGC
4mm clear  89% 5.88 0.84 
4mm  
green tint 
74% 5.88 0.59 
4mm low e 82% 3.67 0.71 
4mm - 6mm; low e tint 58% 3.6 0.52 
3/6/3; Double Glazed; clear /air/clear 81% 3.17 0.76 
4/6/4; Double Glazed; Tint/air/clear 66% 3.15 0.48 
4/6/4; Double Glaze; Tint/air/low e clear 61% 2.53 0.43 
 
Table 1:  Glazing selection for simulations 
 
As a first step, the base case house was 
simulated for each of the five climate zones, 
providing a baseline thermal performance in 
each zone.  Using the house with aluminium 
door and window frames as the baseline, the 
energy required to heat and cool the house in 
each of the zones was calculated by BERS 
(Table 2).  These figures were used for each 
zone as the basis for calculating potential 
greenhouse gas savings from reduced heating 
and/or cooling loads due to various glazing 
options.  
 
Thermal simulations were carried out for each 
of the listed glazing and frame combinations, 
assuming that all glass in the house would be 
the same (regardless of orientation).  Heating 
and cooling needs were assumed to be met by 
a reverse cycle air-conditioner (the 
predominant air-conditioner in Australia) with 
a minimum COP of 2 and a maximum COP of 
3 (representing typical commercially available 
units).   
 
Climate Zone Star Rating Cooling 
MJ/m2/yr 
Heating 
MJ/m2/yr 
Total 
MJ/m2/yr 
10 Sub-tropical 5 34.3 21.8 56.1 
9 Sub-tropical 4.5 61.1 30.7 91.8 
36 Sub-tropical 5 74 1.3 75.3 
5 Tropical 5.5 143.9 0.3 144.2 
19 Hot Arid 4.5 94 43 137 
 
Table 2: Baseline heating and cooling loads 
 
 
3 Simulation Results 
The thermal simulation revealed which glazing 
options produced the largest percentage 
reduction in heating/cooling needs (and 
 
associated greenhouse gas emissions) in each 
climate zone.  These are shown in Table 3.   
 
Columns 2 and 3 show the best monolithic 
glazing option for aluminium and timber 
window frames respectively.  The 
representative percentage savings in 
greenhouse gas emissions from reduced 
heating / cooling loads is shown under each 
glazing option.  Column 4 indicates the best 
overall glazing option (timber framed double 
glazed in each case) with the representative 
greenhouse gas reductions below.  The 
percentages in brackets represent the savings 
attributable to aluminium framed windows 
with the same double glazing.  Queensland’s  
greenhouse gas intensity of electricity ‘end of 
line’ supply is 291 kg/CO2-e/GJ.3 
 
Key findings from these simulations include: 
• The optimal glazing type for this brick 
veneer, slab on ground house, was a 
timber framed double glazed unit (4/6/4) 
with tint/air/low e clear glass.  This was 
true for all climate zones. 
• Low e glass (clear or tint) performed 
better than plain tint glass in all zones.  
Tint low e achieved best performance in 
higher latitudes, where there is negligible 
heating load; lower latitudes are better 
with clear low e (to allow for solar heating 
in winter); 
• Significant savings (17-32%) in heating / 
cooling ghge can be made by replacing 
existing 4mm glass with either tint or 
clear low e, without replacing frames.  
This is particularly pertinent to the 
existing house market. 
• Timber window frames outperformed 
aluminium framed windows for most 
glazing types in all climate zones, 
although this difference diminished with 
higher latitudes.  Clear double glazed 
units with timber frames performed 
marginally worse in zones 5 and 36 
(zones with little or no heating 
requirements). 
• Timber framed windows typically reduced 
heating and cooling needs by around 6% 
in Zones 9, 10 and 19 compared with 
aluminium windows with the same glass.  
The whole life-cycle of both types of 
windows would need to be assessed for a 
more complete comparison.  (Note that 
timber frames may be less energy 
intensive in manufacture and they lock up 
carbon.)  
 
 Climate Zone Best 4mm aluminium 
frame 
Best 4mm timber 
frame 
Best: Dbl glazed 
Timber (Alum) 
Low e clear Low e tint or clear Tint /air/low e clear Zone 10 sub-tropical 
South Coastal -17.1% 
 
-23% 
 
-39.8% 
(-28.3%) 
Low e clear Low e tint Tint /air/low e clear Zone 9 sub-tropical 
South Inland -17% 
 
-27.3% 
 
-44.8% 
(-33%) 
Low e tint Low e tint Tint /air/low e clear Zone 36 Sub-tropical 
Central coast -28.6% 
 
-32% 
 
-44.9% 
(-42.5%) 
Low e clear Low e tint Tint /air/low e clear Zone 19 hot arid inland 
-17% 
 
-26.4% 
 
-42.3% 
(-31.8%) 
Low e tint Low e tint Tint /air/low e clear Zone 5 Tropical 
-19.3% 
 
-21.4% 
 
-31.2% 
(-30%) 
 
Table 3: optimal glazing per zone – the numbers show the reductions in greenhouse gas emissions 
resulting from reduced energy consumption. 
 
• Zones 9, 10 and 36 are all classified in the 
Building Codes of Australia as the same 
climate zone, yet there are distinct 
differences in heating and cooling 
requirements (as there are even within 
each of these zones).  Utilising the same 
house design / construction for each of 
these zones would not seem advisable if 
the aim is to reduce the need for 
additional heating and cooling. 
• Alteration of glazing affected the ratio of 
heating to cooling loads in zones 9, 10 
and 19.  This would suggest that glazing 
needs to be considered as a possible 
demand side management strategy for 
electricity supply and distribution (for 
minimizing peaks and smoothing seasonal 
variations).  
 
4 Conclusions 
Our results demonstrate the significant role 
that advanced glazing options can play in 
tropical and subtropical regions in reducing 
residential greenhouse gas emissions from 
heating and cooling loads.  Performance 
refinements could presumably be made by 
differential selection of glass on different 
orientations (e.g. removing any tinting on 
northern windows in all climates except 
tropics). 
 
Based on the total domestic greenhouse gas 
emissions (approx 12% of Australia’s 
greenhouse emissions) and the proportion of 
energy used for heating and cooling 
(approximately 15% of domestic emissions)4,5, 
the potential greenhouse reductions in 
Queensland alone from advanced glazing use 
are of order 1MT per annum.   
 
Further simulations are continuing with other 
representative house types, including a light 
weight timber house on stilts, a two storey 
large brick house, and a medium size 
townhouse. 
 
The total set of simulations, once completed, 
are expected to provide valuable data to 
regulatory authorities, distribution networks, 
the design and construction industry and the 
general public regarding the role advanced 
glazing can play in improving the thermal 
performance of well designed houses, to 
further enhance residential greenhouse gas 
savings potential.  
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